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SUBSTRATE TRANSPORT DEVICE AND
SUBSTRATE TRANSPORTING METHOD

BACKGROUND

1. Field

The following description relates to a substrate transport
device and a substrate transporting method.

2. Description of Related Art

An apparatus that manufactures various devices such as
semiconductor elements or light emitting elements includes
a substrate transport device that transports a substrate used
to form the elements. The substrate transport device includes
an end eflector supported by an arm. The end eflector lifts
together with the arm and receives a substrate from a mount
table or the like on which the substrate 1s mounted. The end
cllector lowers together with the arm and delivers the
substrate, which 1s mounted on the end eflector, to the mount
table. The substrate transport device includes a detector that
optically detects a mount state of the substrate. A controller
configured to control the driving of the arm executes sub-
sequent processes based on detection results of the detector
(refer to Japanese Laid-Open Patent Publication No. 2013-

119070).

SUMMARY

An 1increase in the moving speed of the end eflector 1s
favorable 1in a viewpoint of reducing the time taken for the
transportation. On the other hand, a decrease 1n the moving,
speed of the end eflector 1s favorable in a viewpoint of
increasing the position accuracy of the substrate at the
transport destination and a viewpoint of limiting generation
of particles as a result of reduction 1n residual oscillation of
the substrate. As described above, the transport efliciency of
the substrate and the position accuracy of the substrate have
a tradeotl relationship 1n which when an increase 1n one of
the two decreases the other. In a substrate transport device
that needs both reduction in the transportation time and
improvement of the position accuracy, there 1s a need to
increase the degree of design freedom so that the conflicting
correlation between them diminishes.

It 1s an objective of the present disclosure to provide a
substrate transport device and a substrate transporting
method that increase the degree of design freedom.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

An embodiment of a substrate transport device includes
an arm, an end eflector coupled to the arm, a driver config-
ured to lift the arm so that the end eflector receives a
substrate, and a controller configured to control an output of
the driver to change a lifting speed of the arm. While lifting
the arm at a first speed to lift the end effector toward the
substrate, the controller changes the lifting speed to a second
speed that 1s lower than the first speed when the end effector
starts to raise a height position of the substrate.

An embodiment of a substrate transporting method
includes lifting an end effector toward a substrate by lifting
an arm coupled to the end eflector at a first speed, and
changing a lifting speed of the arm to a second speed that 1s
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2

lower than the first speed when the end eflector starts to raise
a height position of the substrate.

When the end eflector that 1s lifting contacts the substrate,
the weight of the substrate atlects the end effector, so that the
end eflector and the arm are bent 1n accordance with the
rigidity of the end effector and the ngidity of the arm. After
the bending of the end effector and the arm starts to stabilize,
the height position of the substrate starts to rise. That 1s,
reception of the substrate starts. In this regard, each con-
figuration described above decelerates the end effector when
the end eflector starts to raise the height position of the
substrate. Until the reception of the substrate starts, the
lifting speed of the end eflector 1s increased so that the time
taken for the transportation 1s reduced. When the reception
of the substrate starts, the lifting speed of the end efiector 1s
decreased so that the position accuracy of the substrate is
increased. As a result, the degree of design freedom 1s
increased to diminish the conflicting correlation between
reduction 1n the transportation time and improvement of the
position accuracy.

In the above substrate transport device, when an oscilla-
tion changes at the end eflector after the lifting speed 1s
changed to the second speed, the controller may increase the
lifting speed from the second speed.

In the above substrate transporting method may further
includes increasing the lifting speed from the second speed
when an oscillation changes at the end effector after the
lifting speed 1s changed to the second speed.

The lifting of the end effector by the arm oscillates the end
cllector slightly 1n the vertical direction. When the substrate
becomes static relative to the end effector that 1s oscillating,
the oscillation changes from an oscillation 1n which only the
end eflector acts as an oscillator to an oscillation 1n which
the end eflector and the substrate act as oscillators. In this
regard, each configuration described above accelerates the
end eflector when the oscillation changes at the end effector.
Thus, until the reception of the substrate 1s completed, the
lifting speed of the end effector i1s reduced so that the
position accuracy of the substrate 1s increased. When the
reception of the substrate 1s completed, the lifting speed of
the end eflector 1s increased so that the time taken for the
transportation 1s reduced. As a result, the degree of design
freedom 1s increased to further diminish the conflicting
correlation between reduction 1n the transportation time and
improvement of the position accuracy. In addition, the
transporting method produces an accompanying eflect that
reduces the oscillation in which the end effector and the
substrate act as oscillators. This limits generation of particles
caused by residual oscillations.

The substrate transport device described above may
include a position detector configured to detect the height
position of the substrate. When a detection result of the
position detector 1s changed while lifting the end eflector
toward the substrate, the controller may determine that the
end eflector has started to raise the height position of the
substrate.

The substrate transporting method described above may
turther include executing a first teaching process that teaches
that a first target position 1s a position of the arm at which
the end eflector starts to raise the height position of the
substrate. In the first teaching process, a position detector
may be used to detect the height position of the substrate.
The first teaching process may include teaching that the first
target position 1s a position of the arm at which a detection
result of the position detector changes while lifting the end
ellector toward the substrate. The changing the lifting speed
of the arm to the second speed may include changing the
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lifting speed of the arm from the first speed to the second
speed when the arm reaches the first target position.

Each configuration described above decelerates the end
ellector based on the detection result of the position detector.
This further increase the eflectiveness of changing the lifting
speed to the second speed to improve the position accuracy.

The substrate transport device described above may
include an oscillation detector configured to detect an oscil-
lation of the end effector. When a detection result of the
oscillation detector 1s changed after the lifting speed 1is
changed to the second speed, the controller may determine
that the oscillation 1s changed at the end etlector.

The substrate transporting method described above may
turther include executing a second teaching process that
teaches that a second target position 1s a position of the arm
at which the lifting speed increases from the second speed.
In the second teaching process, an oscillation detector may
be used to detect an oscillation of the end effector. The
second teaching process may include teaching that the
second target position 1s a position of the arm at which a
detection result of the oscillation detector changes after the
lifting speed 1s changed to the second speed. The increasing
the lifting speed from the second speed may 1include increas-
ing the lifting speed from the second speed when the arm
reaches the second target position.

Each configuration described above accelerates the end
ellector based on the detection result of the oscillation
detector. This further increases the eflectiveness of changing
the lifting speed from the second speed to improve the
transportation efliciency.

Other features and aspects will be apparent from the
tollowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating a device configuration of
an embodiment of a substrate transport device.

FIG. 2 1s a graph 1llustrating changes in lifting speed and
height position.

FIG. 3 1s a graph illustrating changes in height positions
of an arm and a substrate during a teaching process.

FIG. 4 1s a graph illustrating details of changes in the
height position of an end effector during the teaching pro-
CEeSS.

FIG. 5A 15 a graph illustrating changes in lift position in
the teaching process.

FIG. 5B 1s a graph illustrating changes 1n speed in the
teaching process.

FI1G. 5C 1s a graph illustrating changes 1n acceleration rate
during the teaching process.

FIG. 6 1s a graph 1llustrating a frequency analysis result of
the acceleration rate before and after the reception.

FIG. 7 1s a graph 1llustrating changes 1n average frequency
during the teaching process together with a result of a
binarizing process.

Throughout the drawings and the detailed description, the
same relerence numerals refer to the same elements. The
drawings may not be to scale, and the relative size, propor-
tions, and depiction of elements in the drawings may be
exaggerated for clanty, 1llustration, and convenience.

DETAILED DESCRIPTION

This description provides a comprehensive understanding,
of the methods, apparatuses, and/or systems described.
Modifications and equivalents of the methods, apparatuses,
and/or systems described are apparent to one of ordinary
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4

skill in the art. Sequences of operations are exemplary, and
may be changed as apparent to one of ordinary skill 1n the
art, with the exception of operations necessarily occurring 1n
a certain order. Descriptions of functions and constructions
that are well known to one of ordinary skill in the art may
be omitted.

Exemplary embodiments may have different forms, and
are not limited to the examples described. However, the
examples described are thorough and complete, and convey

the full scope of the disclosure to one of ordinary skill 1n the
art.

A substrate transport device and a substrate transporting

method will now be described with reterence to FIGS. 1 to
7

As 1llustrated in FIG. 1, a substrate transport device
includes an arm 11, an end eflector 12, a substrate sensor
13S, an effector sensor 13E, an arm sensor 13 A, a driver 20,
and a control device 30.

The arm 11 1s mounted on and supported by a main body
so that the arm 11 1s configured to lift and lower relative to
the main body and to rotate and extend and contract 1n a
horizontal direction. The end eflector 12 1s configured so
that a substrate S, or a transport subject, 1s mounted on the
end effector 12. The substrate S 1s mounted on a mount such
as a stage or a front opening unified pod (FOUP). The
substrate transport device lowers the arm 11 to deliver the
substrate S from the end eflector 12 to the mount. The
substrate transport device lifts the arm 11 so that the end
ellector 12 receives the substrate S from the mount.

The substrate sensor 135S optically detects the height
position of the substrate S mounted on the end effector 12.
The substrate sensor 13S iputs the detected height position
of the substrate S to the control device 30. The eflector
sensor 13E optically detects the height position of the end
cllector 12. The eflector sensor 13E 1nputs the detected
height position of the end eflector 12 to the control device
30. The arm sensor 13A optically detects the height position
of the arm 11. The arm sensor 13 A 1mnputs the detected height
position of the arm 11 to the control device 30.

The control device 30 controls outputs of the driver 20 to
control the lifting and lowering, the rotation, and the exten-
sion and contraction of the arm 11. The control device 30
controls movement of the arm 11 based on teaching data
stored 1n advance. The driver 20 lifts and lowers, rotates, and
extends and contracts the arm 11 so that the end eflector 12
receives the substrate S from the mount or the substrate S 1s
delivered from the end effector 12 to the mount 1n accor-
dance with istructions of the control device 30.

The control device 30 includes a controller 31, storage 32,
a transporting processor 33, and a teaching processor 34.
The controller 31 includes, for example, software and hard-
ware elements that are used 1n a computer such as CPU,
RAM, and ROM. The controller 31 1s not limited to one that
processes all of the various processes using the software.
The controller 31 may i1nclude, for example, an application
specific integrated circuit (ASIC) that 1s dedicated hardware
that executes at least some of the various processes. The
controller 31 may include circuitry that includes one or more
dedicated hardware circuits such as ASICs, one or more
microcomputers that are processors operating 1n accordance
with software, that 1s, computer programs, or a combination
of these.

The storage 32 stores a transportation program and vari-
ous types of data including the teaching data. The controller
31 reads the transportation program and the data stored in
the storage 32 and executes the transportation program so
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that the transporting processor 33 and the teaching processor
34 execute various processes such as a transportation pro-
cess and a teaching process.

The transporting processor 33 generates a drive signal that
causes the arm 11 to lift or lower, rotate, and extend or
contract based on the teaching data and outputs the gener-
ated drive signal to the driver 20. Teaching data used in the
lifting and lowering associates the height position of the arm
11 with the lifting speed of the arm 11.

As 1llustrated 1n FIG. 2, the teaching data includes data
used to increase the lifting speed to a first speed VD1 at a
predetermined acceleration rate from when the height posi-
tion of the arm 11 1s a reference position prior to the lifting.
The teaching data also includes data used to decrease the
lifting speed to a second speed VD2 when the height
position of the arm 11 reaches a first target position H1. The
teaching data also includes data used to increase the lifting
speed from the second speed VD2 toward the first speed
VD1 when the height position of the arm 11 reaches a
second target position H2.

The first target position H1 1s a height position of the arm
11 at which the end eflector 12 starts to raise the height
position of the substrate S. The second target position H2 1s
a height position of the arm 11 at which an oscillation
changes at the end eflector 12, and 1s higher than the first
target position HI.

The transporting processor 33 decreases the lifting speed
of the arm 11 from the first speed VD1 to the second speed
VD2 when the arm 11 reaches the first target position H1
based on the teaching data. More specifically, while lifting
the arm 11 at the first speed VD1 to lift the end effector 12
toward the substrate S, the transporting processor 33
changes the lifting speed to the second speed VD2, which 1s
lower than the first speed VD1, when the end eflector 12
starts to raise the height position of the substrate S.

The transporting processor 33 increases the lifting speed
from the second speed VD2 to the first speed VD1 when the
arm 11 reaches the second target position H2 based on the
teaching data. More specifically, after the lifting speed 1s
changed to the second speed VD2, when the oscillation
changes at the end eflector 12, the transporting processor 33
increases the lifting speed from the second speed VD2 to the
first speed VDI.

The teaching processor 34 executes a first teaching pro-
cess and a second teaching process. The first teaching
process teaches that the first target position H1 is a position
of the arm 11 at which the lifting speed of the arm 11 1is
decreased from the first speed VD1 to the second speed
VD2. The second teaching process teaches that the second
target position H2 1s a position of the arm 11 at which the
lifting speed of the arm 11 1s increased from the second
speed VD2 to the first speed VDI.

In the first teaching process, the teaching processor 34
uses the substrate sensor 13S, which detects the height
position of the substrate S, and the arm sensor 13A, which
detects the height position of the arm 11. In the first teaching
process, the teaching processor 34 teaches that the first target
position H1 1s a position of the arm 11 at which the detection
result of the substrate sensor 13S changes (the state of the
substrate changes from being static to being lifted) while
lifting the end eflector 12 toward the substrate S. The
substrate sensor 13S 1s an example of a position detector.

As 1llustrated 1n FI1G. 3, 1n the first teaching process, when
the teaching processor 34 lifts the arm 11, the arm 11 starts
to lift at time TA1. The helgh’[ position of the substrate S 1s
maintained until the end effector 12 contacts the substrate S.
When the teaching processor 34 continues to lift the arm 11,
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the detection result of the substrate sensor 13S changes at
time TS1, and the substrate S starts to lift. The arm 11 and
the substrate S continue to lift until time TA2 at which the
teaching processor 34 stops lifting the arm 11.

In the second teaching process, the teaching processor 34
uses the eflector sensor 13E, which detects the height
position of the end effector 12. In the second teaching
process, the teaching processor 34 causes the end effector 12
to recerve the substrate S while lifting the end eflector 12
toward the substrate S. At this time, the teaching processor
34 detects a change 1n the acceleration rate of the end
cllector 12 obtained from detection results of the effector
sensor 13E. The teaching processor 34 teaches that the
second target position H2, at which the oscillation of the end
cllector 12 changes, 1s a height position of the arm 11 at
which the acceleration rate of the end eflector 12 changes.

As 1llustrated 1n FIG. 4, 1n the second teaching process,
when the teaching processor 34 lifts the arm 11 from time
TS1 (no relation to symbol 1llustrated 1n FIG. 3), the lifting
of the end effector 12 by the arm 11 oscillates the end
cllector 12 slightly 1n a vertical direction (causes a charac-
teristic oscillation without the substrate S at the correspond-
ing extension position). Then, when the end eflector 12
contacts the substrate S at time TS2, the weight of the
substrate S aflects the end eflector 12 so that the end eflector
12 1s bent in accordance with the rigidity of the end efiector
12 and the like.

After the bending of the end effector 12 starts to stabilize,
the substrate S becomes static relative to the end efiector 12
at time TS3. When the substrate S becomes static relative to
the end effector 12 that 1s oscillating, the slight oscillation of
the end eflector 12 changes from the oscillation 1n which
only the end eflector 12 acts as an oscillator until time TS2
to an oscillation in which the end eflector 12 and the
substrate S act as oscillators (changed to a characteristic
oscillation with the substrate S at the corresponding exten-
s1on position). The oscillation in which the end effector 12
and the substrate S act as oscillators continues until time TS4
at which the lifting of the arm 11 stops.

FIGS. 5A, 5B, and 3C respectively show changes 1n the
height position of the end eflector 12, changes 1n the speed
of the end effector 12, and changes 1n the acceleration rate
of the end effector 12 1n the second teaching process.

As 1llustrated 1n FIG. 5B, the speed of the end effector 12
changes between before and after each of time TS1, time
TS2, time TS3, and time TS4. More specifically, amplitudes
of speed variations of the end effector 12 are largely aflected
by the oscillation in which only the end effector 12 acts as
an oscillator, the oscillation 1n which the end effector 12 and
the substrate S act as oscillators, and other factors.

As 1llustrated 1n FIG. 5C, the acceleration rate of the end
ellector 12 1s not largely changed between before and after
each of time TS1, time TS2, time TS3, and time TS4
(amplitudes are not largely changed). More specifically, the
acceleration rate of the end eflector 12 1s aflected by the
oscillation 1 which only the end eflector 12 acts as an
oscillator and the oscillation 1n which the end effector 12 and
the substrate S act as oscillators. However, it 1s difhicult to
determine the acceleration rate of the end effector 12 from
only the amplitudes.

FIG. 6 1s an analysis result of frequency components
included in the acceleration rate of the end efiector 12 belore
and after time TS3. As illustrated in FIG. 6, the frequency
components 1n the acceleration rate of the end eflector 12
largely differ between before time TS3 and after time TS3.
That 1s, the frequency components before the completion of
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the reception of the substrate S largely differ from the
frequency components after the completion of the reception
ol the substrate S.

FIG. 7 i1llustrates changes 1n average frequency included
in the acceleration rate of the end effector 12 per unit time
and a result of the binarizing process of the average fre-
quency. As illustrated 1n FIG. 7, the frequency components
are extracted from the acceleration rate of the end eflector 12
to clearly specily a switching time MD2 (time TS3) that
distinguishes between before the completion of the reception
of the substrate S and aiter the completion of the reception
of the substrate S. That 1s, the process has a high temporal
resolution. In the second teaching process, the teaching
processor 34 executes the binarizing process on the average
frequency and teaches that the second target position H2 1s
a height position of the arm 11 at which the average
frequency of the acceleration rate of the end effector 12
changes.

Operation

When the end eflector 12 that i1s lifting contacts the
substrate S, the weight of the substrate S aflects the end
eflector 12, so that the end eflector 12 and the arm 11 are
bent 1 accordance with the rigidity of the end effector 12
and the rigidity of the arm 11. After the bending of the end
cllector 12 and the arm 11 start to stabilize, the height
position of the substrate S starts to rise. At this time, the end
ellector 12 1s decelerated to the second speed VD2, which 1s
lower than the first speed VDI1. More specifically, when the
height position of the substrate S starts to rise and the
reception of the substrate S starts, the lifting speed of the end
ellector 12 1s decreased to the second speed VD2.

After the lifting speed 1s changed to the second speed
VD2, when the oscillation changes at the end eflector 12, the
end ef-ector 12 1s accelerated to the first speed VD1, which
1s higher than the second speed VD2. The lifting of the end
cllector 12 by the arm 11 oscillates the end eflector 12
slightly in the vertical direction. When the substrate S
becomes static relative to the end eflector 12 that 1s oscil-
lating, the oscillation changes from an oscillation 1n which
only the end effector 12 acts as an oscillator to an oscillation
in which the end el

ector 12 and the substrate S act as
oscillators. More specifically, when the substrate S 1s static
relative to the end eflector 12 and the reception of the
substrate S 1s completed, the lifting speed of the end efiector
12 1s increased toward the first speed VDI.

The above embodiment has the advantages described
below.

(1) Until the receptlon of the substrate S starts, the lifting
speed of the end effector 12 1s increased to the first speed
VD1 so that the time taken for the transportation 1s reduced.
When the reception of the substrate S starts, the lifting speed
of the end effector 12 1s decreased to the second speed VD2
so that the position accuracy of the substrate S 1s increased.
As a result, the degree of design freedom 1s increased to
diminish the contlicting correlation between reduction 1n the
transportation time and improvement of the position accu-
racy. In addition, the oscillation 1n which the end effector 12
and the substrate S act as oscillators 1s reduced. This limaits
generation of particles caused by the oscillation.

(2) When the oscillation changes at the end effector 12,
the end eflector 12 1s accelerated. Thus, until the reception
of the substrate S 1s completed, the lifting speed of the end
cllector 12 1s maintained at the second speed VD2 so that the
position accuracy of the substrate S 1s increased. When the
reception of the substrate S 1s completed, the lifting speed of
the end effector 12 1s increased to the first speed VD1 so that

the time taken for the transportation 1s reduced. As a result,
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the degree of design freedom 1s increased to further diminish
the conflicting correlation between reduction 1n the trans-
portation time and improvement of the position accuracy.

(3) The first target position H1 1s taught based on the
detection result of the substrate sensor 13S, and the end
ellector 12 1s decelerated 1n accordance with the teaching
data. This further increases the eflectiveness of changing the
lifting speed to the second speed VD2 to improve the
position accuracy.

(4) The second target position H2 1s taught based on the
detection result of the effector sensor 13E, and the end
ellector 12 1s accelerated 1n accordance with the teaching
data. This further increases the eflectiveness of changing the

lifting speed from the second speed VD2 to improve the
transportation efliciency.

The above embodiment may be modified as follows.

One of the substrate sensor 13S and the eflector sensor
13E detects the vicimity of the other. That 1s, the substrate
sensor 13S and the effector sensor 13E may switch the
functions so that one of the substrate sensor 13S and the
ellector sensor 13E performs the function of the other. More
specifically, the first teaching process may be executed using,
the detection result of the effector sensor 13E, and the
second teaching process may be executed using the detec-
tion result of the substrate sensor 13S. However, the con-
figuration of the above embodiment 1s more favorable from
the viewpoint of the detection accuracy.

More specifically, between before and after the arm 11
reaches the first target position H1, the substrate S changes
from the static state to the lifting state. Therefore, the
signal-to-noise (S/N) ratio 1s relatively high at the substrate
sensor 13S. However, between before and after the arm 11
reaches the second target position H2, the state of the
substrate S does not change 1n the same manner. The S/N
ratio obtaimned at the substrate sensor 13S 1s not high as
compared to that obtained at the eflector sensor 13E. The
change 1n state between before and after the arm 11 reaches
the second target position H2 1s a change 1n the characteristic
oscillation value. That 1s, a characteristic oscillation value
corresponding to components of the arm 11 and the end
ellector 12 1s changed to a characteristic oscillation value

corresponding to components of the arm 11, the end efl

ector
12, and the substrate S. Since the substrate S 1s not fixed to
the end eflector 12, a signal detected by the substrate sensor
13S contains noise components. By contrast, a signal

detected by the efl

ector sensor 13E contains less noise
components because the arm 11 i1s rigidly joined to the end
ellector 12. Thus, the position of the second target position
H2 1s detected with a higher accuracy.

The time at which the end effector 12 starts to raise the
height position of the substrate S may refer to a time at
which the inclination angle of the substrate S 1s changed
from the seated state at a microscopic scale. More specifi-
cally, even if the substrate S and the end eflector 12 are
horizontally ac Justed the horizontalness of the substrate S
and the end effector 12 1s maintained at the microscopic
scale due to the weights of the substrate S and the end
ellector 12. Even 1f the substrate S and the end effector 12
have 1deal horizontal surfaces, when the substrate S 1s n
contact with the end effector 12, the welght of the substrate
S 1s added to the side of the end eflector 12. At the
microscopic scale, the substrate S and the end effector 12 do
not maintain the imitial positions. The end effector 12 and the
arm 11 are bent and inclined 1n any direction based on the
mechanical compliance that combines the end effector 12
and the arm 11.
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In other words, when starting to raise the height position
ol the substrate S may be referred to as when the inclination
angle of the substrate S starts to change from the 1nitial state
of the substrate S. Hence, instead of executing the first
teaching process using the detection result of the substrate
sensor 13S, a physical quantity that follows the inclination
of the substrate S may be measured, and the first teaching
process may be executed using the measurement result.
Also, mstead of switching from the first speed VD1 to the
second speed VD2 using the detection result of the substrate
sensor 13S, a physical quantity that follows the inclination
of the substrate S may be measured, and the measurement
result may be used to switch from the first speed VD1 to the
second speed VD2,

It 1s assumed that the substrate S 1s not a rigid body and
1s bent by the weight of the substrate S, that 1s, a uniformly
distributed load, 1n accordance with the mechanical compli-
ance based on the physical properties of the substrate S.
When the substrate S 1s 1n contact with the end eftfector 12,
a Tulcrum point 1s added, and the inclination angle changes
in the surface of the substrate S. To detect when the substrate
S starts to contact the end effector 12, since positioning
errors and the like may occur, 1t 1s desirable that, as 1n the
embodiment, information obtained from the substrate S or a
portion proximate to the substrate S be used 1nstead of robot
side information.

When the oscillation changes at the end effector 12 after
the lifting speed 1s changed to the second speed VD2, the
entire weight of the substrate S 1s applied to the end eflector
12. Hence, 1nstead of executing the second teaching process
using the detection result of the effector sensor 13E, a
physical quantity such as a load that follows the apphcatlon
of the entire weight of the substrate S to the end effector 12
may be measured, and the second teaching process may be
executed using the measurement result. Also, instead of
swﬂchmg from the second speed VD2 to the first speed VD1
using the detection result of the eflector sensor 13E, a
physical quantity such as a load that follows the apphcatlon
of the entire weight of the substrate S to the end effector 12
may be measured, and the measurement result may be used
to switch from the second speed VD2 to the first speed VDI1.

Various changes in form and details may be made to the
examples above without departing from the spirit and scope
of the claims and their equivalents. The examples are for the
sake of description only, and not for purposes of limitation.
Descriptions of features 1n each example are to be consid-
ered as being applicable to similar features or aspects 1n
other examples. Suitable results may be achieved 1f
sequences are performed in a different order, and/or if
components 1n a described system, architecture, device, or
circuit are combined differently, and/or replaced or supple-
mented by other components or their equivalents. The scope
of the disclosure 1s not defined by the detailed description,
but by the claims and their equivalents. All variations within
the scope of the claims and their equivalents are included 1n
the disclosure.

What 1s claimed 1s:

1. A substrate transport device, comprising:

an arm;

an end eflector coupled to the arm;

a driver configured to lift the arm so that the end eflector

recelves a substrate; and

a controller configured to control an output of the driver

to change a lifting speed of the arm,

wherein while lifting the arm at a first speed to liit the end
ellector toward the substrate, the controller changes the
lifting speed to a second speed that 1s lower than the
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first speed upon the end eflector starting to raise a
height position of the substrate; and

after the lifting speed 1s changed to the second speed,
when a slight oscillation of the end eflector caused by
the lifting of the end eflector changes from an oscilla-
tion 1n which only the end eflfector acts as an oscillator
to an oscillation in which the end eflector and the
substrate act as oscillators, the controller increases the
lifting speed from the second speed.

2. The substrate transport device according to claim 1,

turther comprising;:

a position detector configured to detect the height position
of the substrate,

wherein when a detection result of the position detector 1s
changed while lifting the end eflector, the controller
determines that the end effector has started to raise the
height position of the substrate.

3. The substrate transport device according to claim 1,

further comprising;:

an oscillation detector configured to detect an oscillation
of the end eflector,

wherein when a detection result of the oscillation detector
1s changed after the lifting speed i1s changed to the
second speed, the controller determines that the oscil-
lation 1s changed at the end eflector.

4. A substrate transporting method, comprising:

lifting an end eflector toward a substrate by lifting an arm
coupled to the end eflector at a first speed;

changing a lifting speed of the arm to a second speed that
1s lower than the first speed upon the end efl

ector
starting to raise a height position of the substrate, and
after the lifting speed 1s changed to the second speed,
when a slight oscillation of the end eflector caused by
the lifting of the end eflector changes from an oscilla-
tion 1n which only the end eflector acts as an oscillator
to an oscillation 1n which the end eflector and the
substrate act as oscillators, increasing via a controller
the lifting speed from the second speed.
5. The substrate transporting method according to claim 4,
further comprising:
executing a first teaching process that teaches that a first
target position 1s a position of the arm at which the end
cllector starts to raise the height position of the sub-
strate, wherein
a position detector 1s used to detect the height position of
the substrate in the first teaching process,
the first teaching process includes teaching that the first
target position 1s a position of the arm at which a
detection result of the position detector changes while
lifting the end eflector, and
the changing the lifting speed of the arm to the second
speed includes changing the lifting speed of the arm
from the first speed to the second speed when the arm
reaches the first target position.
6. The substrate transporting method according to claim 4,
further comprising:
executing a second teaching process that teaches that a
second target position 1s a position of the arm at which
the lifting speed increases from the second speed,
wherein
an oscillation detector 1s used to detect an oscillation of
the end eflector in the second teaching process,
the second teaching process includes teaching that the
second target position 1s a position of the arm at which
a detection result of the oscillation detector changes
after the lifting speed 1s changed to the second speed.,
and
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the increasing the lifting speed from the second speed
includes increasing the lifting speed from the second
speed when the arm reaches the second target position.
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